ABSTRACT: A total of 1,745, 362, and 536 bats collected in Alberta, British Columbia, and Saskatchewan, respectively, was tested for rabies virus between 1979 and 1983. Only one (0.1%) of 769 bats collected at random from buildings was infected with rabies virus in contrast to 95 (5%) of 1,874 symptomatic, rabies-suspect bats submitted for testing. The pattern of infection in the rabies-suspect bats was similar in Alberta and Saskatchewan, but differed in British Columbia. Rabies was diagnosed in four species of bats in each of Alberta and Saskatchewan, but in seven species in British Columbia. Annual prevalence in rabies-suspect bats was similar in colonial species within each province. Rabies was found rarely in suspect little brown bats (Myotis lucifugus) (< 1 %). In suspect big brown bats (Eptesicus fuscus), the prevalence was low in Saskatchewan (3%), moderate in Alberta (lo%), and high in British Columbia (25%). Big brown bats accounted for over 55% of the rabid bats detected in each province. Annual prevalence reported in silver-haired bats (Lusionycteris noctiuugans) and hoary bats (Lusturus cinereus) was variable in all three provinces. Rabies is enzootic in northern insectivorous bats.
INTRODUCTION
Rabies virus is known throughout the world as a major disease agent in terrestrial mammals. In addition, the virus is spread widely in vampire bats (Desmodus rotundus) and has been reported sporadically in non-hematophagous insectivorous bats. Rabies has been detected in 30 of 39 species of bats considered resident in North America (Constantine, 1979) . In Canada, rabies has been diagnosed in insectivorous bats in all provinces excluding the maritimes (see reviews by Beauregard, 1969; Tabel et al., 1974; Centers for Disease Control, 1983) . As part of an ongoing effort to understand and control rabies in Alberta, Schowalter (1980) summarized information concerning rabies in bats collected in Alberta from 1973 to 1978. The present paper summarizes the rabies data from bats submitted from western Canada from 1979 to 1983. Partial results (Alberta data, in part) were presented in Rosatte (1985) .
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MATERIALS AND METHODS
Information was summarized by the author from files at the Animal Diseases Research Institute (ADRI) of Agriculture Canada in Lethbridge, Alberta. All bats from British Columbia and Saskatchewan were collected by the public and submitted for rabies testing. These bats usually were submitted because they were symptomatic or suspected of being diseased or injured. Bats from Alberta were collected by the public (=suspect bats) and also by personnel of the Alberta Fish and Wildlife Division as part of a rabies control program to monitor the level of rabies infection in little brown bats (Myotts luctfugus) and big brown bats (Eptesicus fuscus) (=survey bats). The latter specimens were collected in surveys throughout the central and southern regions of the province. The age and sex of bats collected in Alberta was determined. Unless indicated otherwise, data and analyses include only suspect bats collected by the public.
All specimens received in acceptable condition were tested for rabies antigen with the fluorescent antibody test on impression smears of brain tissue (Beauregard et al., 1965) at ADRI. In cases involving human exposure, the mouse inoculation test (Abelseth, 1966 ) also was conducted. Data were summarized using the TWOWAY correlation program of the Michigan Interactive Data Analysis System (MIDAS) and analyzed using a X2-test of 2 x 2 contingency tables where applicable. Probabilities equal to or less than 0.5% were considered sig- 
RESULTS
A total of 1,771 (1,000 suspect, 771 survey), 547, and 373 bats from Alberta, Saskatchewan, and British Columbia, respectively, was submitted for testing at ADRI. A small proportion of bats from each province was unfit for rabies testing (1.5%, 1.896, and 3.0% from Alberta, Saskatchewan, and British Columbia, respectively). In each province, most of the specimens tested were little brown or big brown bats (Table 1 ) and were found between June and September (Fig. 1 ). Bats were submitted from a wide geographic area of Alberta and Saskatchewan, but the submissions were more restricted to southern British Columbia.
The overall prevalence of rabies in the suspect specimens was 2.9%, 4.4%, and 9.7% in Saskatchewan, Alberta, and British Columbia, respectively. The annual prevalence of rabies identified in suspect bats from western Canada generally declined between 1979 and 1983 ( Fig. 2) . The decline was statistically significant in Alberta and British Columbia (x' = 5.92 and 3.61, respectively). Each year the prevalence was similar in Alberta and Saskatchewan, but higher in British Columbia. In all three provinces, the monthly prevalence appeared unrelated to the number of bats tested (Fig. 1) . In Alberta, the sex ratio of rabid bats (1.5 females: 1 male) did not differ from that of non-rabid bats (1.9 females: 1 male) (x' = 0.55).
In all three provinces, rabid bats were found each year between June and September; however, most were found in August and September (74%, 57%, and 69% in Alberta, British Columbia, and Saskatchewan, respectively). A few additional rabid bats were found in January and February (Saskatchewan), May (British Columbia), and May, October, and November (Alberta). Rabid silver-haired (Lusionycteris noctivuguns), hoary (Lasiurus cinereus), and little brown bats usually were found in August and/or Septem- ber while rabid big brown bats were found throughout the year excluding March, April, and December. Rabid bats were collected throughout the populated area of all three provinces (Fig. 3) .
The prevalence of rabies in suspect individuals of each species of bat differed among species but, generally, was similar among years (Table 1) . In little brown bats, the proportion of bats infected was low or rabies was absent each year in all three provinces. In big brown bats, the proportion infected was relatively low in Saskatchewan, moderate in Alberta, and high in British Columbia; however, it differed indirectly with number of animals tested (Fig. 4) . In silver-haired bats, the annual prevalence was variable in all provinces, ranging from zero to 17.6%, 18.2%, and 9.1% in Alberta, British Columbia, and Saskatchewan, respectively. The sample sizes of the remaining species were too small to allow detailed analyses. Among these suspect individuals, rabies was diagnosed in five of 23 (22%), two of 15 (13%), and one of three hoary bats from Alberta, Saskatchewan, and British Columbia, respectively. Big brown bats made up the highest proportion of the rabid bats detected in each province (>55%) ( Table 2) . Silverhaired bats also made up significant proportions of the rabid bats from Alberta and Saskatchewan. The index of similarity in the proportion of rabies found in suspect bats of each species was high between Alberta and Saskatchewan (75) but low between Alberta and British Columbia (46) and Saskatchewan and British Columbia (54).
A total of 769 bats collected randomly in Alberta was tested between 1979 and 1983 (annual 9 = 154 f 93). Most of the bats were little brown bats (68%) or big brown bats (22%) collected at nursery col- 
DISCUSSION
The pattern of rabies infection was similar in insectivorous bats submitted by the public from Alberta and Saskatchewan and did not change from 1979 to 1983. Suspect big brown bats, silver-haired bats, and hoary bats provided the primary source of rabies virus detected within each province. Results suggested a similar pattern of transmission and maintenance of the virus within these two provinces and may reflect a marked similarity in habitat and in species composition, abundance, and ecology of bats in Alberta and Saskatchewan. The bat fauna of southern British Columbia is more diverse than that of Alberta and Saskatchewan (see Barbour and Davis, 1969) and, thus, additional species of bats may be involved in transmission.
Also, the habitat in southern British Columbia differs markedly from that in Alberta and Saskatchewan, as reflected in the lower number of silver-haired and hoary bats submitted from British Columbia. Beauregard (1969) reported results similar to ours from bats collected in British Columbia.
Schowalter (1980) summarized information concerning rabies in bats collected in Alberta between 1971 and 1978. The index of similarity between his study and the current data was 63. During the early period, rabies-suspect big brown bats replaced suspect silver-haired bats as the species most commonly reported rabid. In the current analysis, big brown bats remained the most commonly reported species and the prevalence in suspect big brown bats has not changed markedly Big brown bats found by the public consistently provided a significant source of virus. Although differences in the prevalence of rabies in suspect big brown bats from each province reflected a sample bias (see Fig. 4 ), a constant high proportion of the rabid bats which interact directly with people (and are thus submitted for rabies testing) are big brown bats. In western Canada this species associates closely with humans and man-made buildings. Thus, the public, particularly residents in southern British Columbia, should be warned of the potential danger of handling big brown bats.
Rabid bats collected in western Canada,
N U M B E R T E S T E D
On the contrary, the most common bat in western Canada, and the one most people are likely to encounter (the little brown bat) rarely was infected with rabies. Data concerning the prevalence in suspect silver-haired and hoary bats must be treated cautiously. Normally, these species are solitary, forest-dwelling bats rarely seen by people (Barbour and Davis, 1969 Constantine et al., 1979; Schowalter, 1980) . The wide variation in infection in samples of suspect individuals reflects the random nature of this "rare-event" occurrence.
The epizootiology of rabies transmission within insectivorous bats is not understood. Martin (1959) hypothesized that the initial source of rabies in insectivorous bats resulted from interspecific interactions with infected vampire bats in Central America. He suggested that the northern colonial insectivorous species may have been infected during interactions with solitary long-ranging migratory species such as silver-haired and hoary bats. Occasional encounters between colonial and solitary species (Constantine, 1967; Schowalter, 1980) suggests the potential for such transfer still exists. However, latency in overwintering bats (Constantine, 1967; Moore and Raymond, 1970) , transplacental transmission (Sims et al., 1963; Constantine et al., 1968) , transmammary transmission (Sims et al., 1963) , the sedentary life style, and the aggressive social behavior of the colonial species (Constantine, 1967) , also appear to provide adequate mechanisms to maintain the virus within local populations.
The stability of the pattern of rabies infection in suspect big brown bats suggests that the virus may cycle independently within this species. In all three provinces, prevalences detected in big brown bats were inversely proportional to the number of animals tested (suggesting a similar pattern of transmission). The prevalence in suspect big brown bats in Alberta has not changed over the past 10 yr. Big brown bats accounted for approximately 50% of the bats diagnosed as rabid in each province each year. On the contrary, the prevalence of rabies detected in the solitary species was not correlated with the numbers tested but differed among provinces and among years. If the virus was maintained by transmission from solitary to colonial species, marked fluctuations in the prevalence in big brown bats would be expected. Thus, our data suggest intraspecific transmission of rabies in big brown bat populations in western Canada.
Although sample bias is always a factor in analysis of rabies data (see discussion in Constantine, 1969), the patterns of infection in samples of rabies-suspect northern insectivorous bats are remarkably similar throughout Canada and the United States (Avery and Tailyour, 1960; Beauregard and Stewart, 1964; Beauregard, 1969; Bigler et al., 1975; Dorward et al., 1977; Trimarchi and Debbie, 1977; Kurta, 1979 Kurta, -1980 Schowalter, 1980; Steece et al., 1982; Trimarchi, 1982) . The prevalences in combined samples of colonial species are consistently 2-5% (a = 4.2 ? 2) and those in non-colonial species 10-25% (Z = 10.5 f 5). Prevalences in big brown bats are generally 5-10% (range 3-20%) while those in little brown bats are consistently less than 2%. The majority of rabid bats detected in each study are big brown bats or silver-haired bats. Such consistency in the pattern of infection allows speculation that rabies virus may be maintained independently within each colonial species over a broad geographic range. Little brown bats are the most numerous species of bat in northern regions. The population estimate in Alberta is approximately 1% million individuals (Schowalter et al., 1979) . Thus, even a low prevalence in such a large population indicates a large pool of virus within the population. Little brown bats congregate in relatively large colonies throughout the summer and winter (Humphrey and Cope, 1976; Schowalter et al., 1979) and there is much admixing of the population at swarming sites in the fall. These features, in addition to the daily social aggressive behavior easily could provide sufficient intraspecific interaction to maintain the virus.
In contrast, big brown bats are less numerous (e.g., the population in Alberta is approximately 50,000) and more sedentary than little brown bats (Schowalter and Gunson, 1970; van Zyll de Jong, 1985) but have a higher prevalence of infection. Local populations remain discrete throughout the year. The amount of virus within populations of big brown bats may be similar in quantity to that in little brown bats and also may be sufficient to maintain the virus.
It is apparent that rabies virus is enzootic at relatively constant prevalences in northern colonial insectivorous bats. Local epizootics in little brown bats and big brown bats, should they occur, would be rare, short-lived events (Schowalter, 1980 ; Centers for Disease Control, 1983) and perhaps result from occasional interspecific transmission between colonial species and migratory solitary species. Smith et al. (1984) report two different antigenic patterns in rabies isolates from big brown bats in Maryland. Different patterns of transmission (intraspecific and interspecific) may, in part, explain their results. 
